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PREFACE 


The extension phase of the Orbital Service Module (OSM) Systems Analysis Study 
was conducted to further identify Power Extension Package (PEP) system con- 
cepts which would increase the electrical power and mission duration 
capabilities of the Shuttle Orbiter. Use of solar array power to supplement 
the Orbiter *s fuel cell/cryogenic system will double the power available to 
payloads and more than triple the allowable mission duration, thus greatly 
improving the Orbiter 's capability to support the payload needs of sortie mis- 
sions (those in which the payload remains in the Orbiter). 


To establish the technical and programmatic basis for iniciating hardware 
development, the PEP concept definition has been refined, and the performance 
capability and the mission utility of a reference design baseline have been 
examined in depth. Design requirements and support criteria specifications 
have been documented , and essential implementation plans have been prepared . 
Supporting trade studies and analyses have been completed. 


The study report consists of 12 docunents; 

Volune 1 Executive Summary 

PEP Preliminary Design Definition 
PEP Analysis and Tradeoffs 
PEP Functional Specification 
PEP Environmental Specification 
PEP Product Assurance 

PEP Logistics and Training Plan Requirements 
PEP Operations Support 
PEP Design, Development, and Test Plans 


Volime 
Volune 
Volume 
Volune 
Volune 
Volune 
Volune 8 
Volune 9 


Volune 10 PEP Project Plan 

Volune 11 PEP Cost, Schedules, and Work Breakdown Structure Dictionary 
Volune 12 PEP Data Item Descriptions 
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FOREWORD 


The Power Extension Package (PEP) <s a solar electrical power generating sys- 
tem to be used on the Shuttle Orbier to augment its power capability and to 
conserve fuel cell cryogenic supplies, thereby increasing power available for 
payloads and allowing increased mission duration. The Orbiter, supplemented by 
PEP, can provide up to 15 kW continrous power to the payloads for missions of 
up to 48 days duration. 

When required for a sortie mission, PEP is easily installed within the Orbiter 
cargo bay as a mission-dependent kit. When the operating orbit is reached, the 
PEP solar array package is deployed from the Orbiter by the remote manipulator 
system (RMS). The solar array is then extended and oriented toward the sun, 
which it tracks using an integral sun sensor/gimbal system. The power gener- 
ated by the array is carried by cables on the RMS back into the cargo bay, 
where it is processed and distributed by PEP to the Orbiter load buses. After 
the mission is completed, the array is retracted and restowed within the 
Orbiter for earth return. 

The figure below shows the PEP system, which consists of two major assem- 
blies — the Array Deployment Assembly (ADA) and the Power Regulation and Con- 
trol Assembly (PRCA) — plus the necessary interface kit. It is nominally 
installed at the forward end of the Orbiter bay above the Spacelab tunnel, but 
can be located anywhere within the cargo bay if necessary. Tlie ADA, which is 
deployed, consists of two lightweight, foldable solar array wings with their 
containment boxes and deployment masts, two diode assembly interconnect boxes, 
a sun tracker/control/instrunentation assembly, a two-axis gimbal/slip ring 
assembly, and the RMS grapple fixture. All these items are mounted to a sup- 
port structure that interfaces with the Orbiter. The PRCA, which remains in 
the Orbiter cargo bay, consists of six pulse-width-modulated voltage regula- 
tors mounted to three cold plates, three shunt regulators to protect the 
Orbiter buses from overvoltage, and a power distribution and control box, all 
mounted to a support beam that interfaces with the Orbiter. 

PEP is compatible with all currently defined missions and payloads and imposes 
minimal weight and volune penalties on these missions. It can be installed and 
removed as needed at the launch site within the normal Orbiter turnaround 
cycle. 
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Section 1 
INTRODUCTION 

With the advent of Space Transportation System (STS) operations, a new era of 
space exploration and use will begin. A multiplicity of payload types rrnglng 
from material processing to astronomical experiments will be trarsported to 
and from orbit. Many of the payloads will remain attached to the Orblter dur- 
ing their entire missions and will fly In an Orblter sortie or Orblter/ 
Spacelab sortie mode. 

An extensive analysis of the STS Traffic Model and projected user activities 
Indicates the need for electrical power services to the payloads that 
significantly exceeds the resource capabilities of the Orblter in terms of 
power level and duration. The need for these services has been confirmed by 
the life scienceji, materials processing, astronomy, solar observation, earth 
observation, and related scientific communities. 

The Orblter, with a fuel cell/cryogenic electrical power system, can only pro- 
vide experiment payloads with 7 kW for 5 to 6 days in the Orblter sortie mode 
and 2.5 kW for 5 to 6 days in the nominal Orbiter/Spacelab sortie mode. 

With the addition of the PEP, the Orblter can provide experiment payloads up 
to 15 kW and days mission duration in the Orblter sortie mode. The result 
is more than a fourfold increase of power service capability to payload users. 

The PEP consists of a solar array and an electrical conditioning package that 
is stowed in the Orbiter bay. The solar array portion is deployed by the 
remote manipulator system (RMS) arm during orbital operations and, in conjunc- 
tion with the Orbiter fuel cell /cryogenic electrical power system, provides 
Increased continual electric power. The solar array is restowed in the Orbiter 
upon completion of the Orbital sortie and returns in the Orbiter to the launch 
site for reuse on the next needed mission. 
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The timing of development of PEP is based on its being available for early 
Spacelab flights. Its usage will span the total life of Orbiter operations and 
will regularly provide the needed missions with the required additional power. 

This PEP Project Plan 1s the basic document t^ich describes the overall plan 
for proceeding with developing PEP. It contains the information required for 
management control at the STS Program Office level as a project element of the 
STS Program. It emphasizes the management and programmatic aspects of the pro- 
ject rather than technical information. It will be developed more fully as the 
project proceeds into hardware development and will be updated and approved at 
that time. 

The sections in this volume have been organized in accordance with NASA Man- 
agement Instruction NMI 7121.16, dated 2*1 March 1977. 
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Section 2 

PROJECT PLAN SUMMARY 


This Project Plan provides the basis for developing and placing into operation 
the PEP as an element of the STS Program. The plan is based on developing two 
sets of PEP hardware so that the first set will be available for flight durir'.g 
the second quarter of 1983 and the second set during the fourth quarter of 
1983 so the early Spacelab and subsequent missions are supported. 

Since PEP is carried in the Orbiter cargo bay and operates in conjunction with 
the Orbiter and the RMS, the plan takes into account that design and program- 
matic interfaces will be closely maintained by the PEP Project element within 
the STS Program. 

2.1 GENERAL DESCRIPTION 

The PEP Project is a new element of the STS Program that will interface with 
the existing elements and use the basic STS support facilities and services at 
Johnson and Kennedy Space Centers as required. As currently planned, the major 
project milestones will be ATP on 1 October 1980, PEP 1 delivery to KSC on 15 
February 1983, qualification flight/IOC on 1 April 1983, and PEP 2 delivery on 
15 July 1983. The PEP system will be developed by a prime contractor under thf* 
directic ■ >f the PEP Project C ”'fice at JSC. The solar array hardware will be a 
major { icontract to the prime contractor. The RMS modifications will be a 
major jcontract to the prime contractor or a combination of prime contractor 
and major subcontractor work. The Orbiter accommoaations will be performed by 
the Orbiter contractor, who will also provide support to the PEP system con- 
tractor's interface activities in an associate contractor relationship. The 
RMS accommodation provisions will be accomplished by the RMS contractc''. 

The ATP fr*" the prime contractor, major subcontractor, and Orbiter and RMS 
contractors representing all the major elements of the PEP Project la assumed 
to be 1 October 1980. This approach is deemed to be most cost- and schedule- 
effective and is based on assuming selection of the prime contractor on 1 July 
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1980, followed by appropriate negotiations and letter contracts for the major 
project elements on 1 October 1980. 

The PEP system hardware referenced configuration consists of the array deploy- 
ment assembly (ADA), the power regulation and control assembly (PRCA), and the 
interface kit hardware. Two sets of this flight hardware, along with two sets 
of GSE and one se. of initial spares, will be provided for operational use. 

Tn the operational mode, the PEP solar arrays will provide most of the power 
while the Orbiter is in the sun, and the Orbiter fuel cell and cryogenic sys- 
tem will provide the power on the shaded aide of the or jit. The combination of 
solar arrays and fuel cells provide a continuous capability of 29 kW at the 
bus. This results in 15 kW in the Orbiter sortie mode or 10.5 kW in the nomi- 
nal Orbiter /Spacelab mode to the experiment payloads, which represents in 
excess of a fourfold increase in power level and duration over the basic 
Orbiter system capability. Figure 1 illustrates the PEP system in orbital 
operations. As indicated, the sola»" array portion of the ADA is deployed by 
the RMS while the PRCA remains in th^ Orbiter cargo bay and provides regula- 
tion and control of the generated electrical power. 



• OPERATION - 1981 ON 

• WEIGHT 010 LB 

Figure 1. PEP Configuration 
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In the stowed configuration, the PEP system hardware results in negligible 
loss of available payload volume. The trunnion fittings permit installation at 
numerous locations in the cargo bay. For Spacelab module missions, the PEP is 
stowed in the forward area between the airlock and the Spacelab. The ADA ind 
the PRCA may be easily removed from the Orbiter when they are not needed for a 
mission or for maintenance. Installation, removal, and maintenance times do 
not add any aerial time to the Orbiter ground operations. 

The PEP system design approach is based on mlnimimi design modifications to the 
existing Orbiter and RMS systems. The * 1A and PRCA are attached in the Orbiter 
cargo bay using standard cargo bay bridge fittings (lightweight bridge 
fittings are optional). “Tie RMS connection to the solar array is made through 
a standard grapple connection. 

No problems of technical feasibility have been identifl.'d to date and none are 
anticipated inasmuch as the basic system is predicated upon current technology 
and hardware already under development. Pre-ATP :*ork on »*esearch and technical 
objectives and planning (RTOP)is being accomplished to assure that long-le-d 
development items are clearly defined for proceeding into Phase C/D. The items 
include the voltage regulator, the glmbal assembly, and the solar cell assem- 
bly items. 

2,2 PROGRAMMATICS SUMMARY 

PEP Project schedule and funding is summarised in Figure 2. The figure shows 
the major milestones and funding required, based on the PEP reference con- 
figuration for budgetary planning purposes. 

As Indicated, the PEP system studies are to be completed during FY 79, 
followed by JSC RTOP's for selected technology areas to be accomplished before 
PEP ATP. A representative RFP procurement cycle 1s shown with the major mile- 
stones indicated, keyed to a 1 October 1980 PEP Phase C/D ATP. 

Phase C/D activity is displayed for the PEP system effort, including the solar 
array and the Orbiter and RMS accommodations efforts indicating a iO-month 
period from ATP to PEP initial operational capability on 1 April 1983. This 
plan provides two sets of PEP system hardware and Orbiter and RMS accommoda- 
tions with hardware deliveries scheduled for 15 January 1983 and 15 July 1983, 
respectively. 
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1 PHASE C/D 1 

FUNDING RL YR $M 
SYS/SUBSYS AND INTEG 
SOLAR ARRAY 
PEP SYSTEM 
ORBITER AND RMS 
ACCOMMODATIONS 

TOTAL PHASE C/D 

FY79 


FY80 

FY81 

FY82 

FY83 

FY84 

TOTAL 



5.6 

5.5 

11.1 

1.0 

23.3 
21.1 

44.4 

4.7 

14.0 

12.2 

m 

1.2 

— 

42.9 

38.8 

81.7 

6.9 



12.1 

49.1 

27.4 

- 

88.6 


Figure 2. PEP Protect Schedule and Funding (Reference Configuration Planning Baseline) 

The corresponding Phase C/D funding is shown by fiscal year and cumulative 
total in real year dollars. PEP system funding is further subdivided to show 
the solar array element funding because of its magnitude. This funding plan 
reflects a relatively modest FY 81 funding requirement of $12M with substan- 
tial funding not required until FY 82 and 83 t consistent with the offload of 
funding from the basic Shuttle development program. 

The programmatic analyses has resulted in establishment of the following key 
points, which are reflected in this reference configuration planning baseline 

A. Current design/program issues are being resolved through RTOP. 

• Power conditioning. 

• Solar cells. 

• Gimbal/slip rings. 

B. Solar array definition emphasis is on low cost, i.e., low-cost cells. 

C. Interface with Orbiter and RMS has been established. 

D. Flight qualification will be used to minimize cost and verify IOC. 

E. Schedule and funding constraints have been taken into account: 

• Two PEP units. 

• Low first-year funding. 
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• 30 months to IOC. 

• Second PEP unit available for 19^4 WTK operations. 

F. Critical path schedule items have been identified and taken into 
account in schedule planning. 

In rummary, the programmatics have been defined and verified to a level of 
detail consistent with proceeding into the hardware development phase of the 
project . 
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Section 3 


PROJECT AND MISSION OBJECTIVES 

The Shuttle, as part of the STS, will provide low-cost, high-payload-weight 
delivery capability to low earth orbit. The current and planned capability of 
the Orbiter to support these payloads is limited to about 7 kW to the payload 
for a mission duration of from 5 to 6 days. The PEP will provide the mechanism 
for realizing the full capabilities of Shuttle by augmenting the electrical 
power and mission duration provided. The capability offered by PEP is 15 kW to 
the payload with mission durations of up to 48 days. 

The objective of PEP as part of the STS Program plan is to ensure that the 
foregoing capabilities are provided as needed. Furthermore, it is the intent 
that this development be accomplished in a manner to benefit other related 
developments, such as solar electric propulsion (SEP) and power module, by 
virtue of related technology items, design commonality, and flexibility of 
application. 

3.1 POWER AND DURATION CAPABILITY 

The primary objective of the PEP Project is to provide t le mechanism for 
significantly augmenting the Orbiter power and duration capability. On the 
current Orbiter, electrical power is provided by three fuel cells which con- 
vert and 0 cryogens to electrical energy. The long-term power offered to 
payloads is limited to 7 kW and the cryogen tankage limits the mission dura- 
tion to 5 to 6 days. Additional cryogen kits (H and 0 ) placed under the 

2 2 

payload bay liner or within the bay payload envelope would have provided only 
limited-duration extension capability at significant payload penalties. These 
techniques have been discarded recently as potential candidates for energy 
augmentation . 

2 

PEP provides additional electrical power by virtue of its deployable 146-m 
solar array operating through PEP-provided regulation and distribution equip- 
ment to the Orbiter electrical bus. The total power provided is 29 kW, thus 
allowing 15 kW for payloads (14 kW is consumed by the Orbiter). The power gen- 
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eration scenario Is then as follows; the Orblter fuel cells provide the power 
when the orbit is In the shade. Tn the sun, the fuel cells are regulated back 
to an idle level of 3 kW (1 kW each) and the solar array provides 26 kW for a 
total of 29 kW. The mission duration is still limited by cryogen consumption 
but is increased because of the lower consumption at fuel cell idle. The cryo- 
gen consumption is effected by the amount of sunlight seen on a particular 
mission and the duration is then a function of orbit inclination, altitude, 
time of year, time of day of launch, etc. The envelope of capability offered 
by PEP is shown in Figure 3 for various inclinations. The baseline Orblter 
cryo-only capability is shown for reference. The full range of PEP performance 
capabilities is discussed in Section 3 of Volume 2. 
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Figure 3. PEP Performance Envelope (4 Cryo Tank Sett. 3-kW Fuel Cell Idle. 220NM) 
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3.2 EARLY PEVELOPMENT NEED 

A review of currently scheduled and planned Shuttle Sortie missions (l.e., 
Spacelab) indicates a great need for increased power and duration capability. 
This need is manifested, in fact, by the requirements for Spacelab Missions 1 
through 5, which are all in need of additional power and/or duration capabil- 
ity. In addition, a commitment for PEP is needed early to ease the mission and 
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payload planning activites now proceeding such that they could take advantage 
of this emerging capability. Current plans are for PEP Phase C/D ATP on 1 
October 1980, with delivery of the first two units on 15 February 1983 and 15 
July 1983. First flight is scheduled for 1 April 1983. 

3.3 SYSTEM COMMONALITY 

An additional objective of the PEP project is to develop PEP with an eye 
toward component use on related future programs. The relation between PEP and 
SEP, power module, and the satellite service center requirements will be 
frequently and carefully reviewed to ensure that cost-effective steps toward 
common design elements are taken. These might Include portions of the solar 
array, deployment mechanisms, power regulation and conditioning equipment, and 
distribution equipment. 
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Section 4 

RELATED STUDIES AND TECHNOLOGY SUPPORT ACTIVITIES 

4.1 RILATED STUDIES 

Studies directly supportive or closely related to PEP are listed in Table 1. 
The five current studies are all scheduled to be documented by 31 August 1979 
and will thus provide detail data to assist NASA in RFP preparation; they will 
also, in all probability, highlight areas worthy of further support prior to 
C/D contract award. The two proposed studies are not expected to be funded 
until la^e this year; however, they may be expected to provide supporting data 
through PEP program requirements review, which is planned for January 1981. 

4.2 NASA TECHNOLOGY SUPPORT 

JSC has submitted to NASA Headquarters for approval a power system engineering 
RTOP which collects tasks in several critical technology areas. Completion of 
these tasks, listed in Table 2, during CY 79 and 80 will provide reasonable 
assurance that all currently identified long-lead technology required for PEP 
is in hand. 


Table 1 . PEP Related Studies 


Title (Contract) 

Expected Product 

OSM System Study 

PEP Definition Extension 

(NAS9-15532, JSC/MDAC) 

Provides a PEP baseline definition to the 
Phase B level, including programmatic 
requirements. 

PEP Solar Array Study 
(NAS9-15370, JSC/TRW) 

Provides a PEP solar array/ container 
definition and preliminary prograraraatics. 

PEP Solar Array Study 
(NAS9- , JSC/LMSC) 

Provides a PEP solar array/ container 
definition and preliminary programmatics. 

Solar Array Study 
(NASS- , MSFC/TRW) 

Provides an assessment of potential 
commonality of arrays for PEP/OSM/SEPS. 

Solar Array Study 
(NAS8-32928, MSFC/LMSC) 

Provides an assessment of potential 
commonality of arrays for PEP/OSM/SEPS. 

OSM Phase B 
(TBD, MSFC/TBD) 

RFP not out~to provide Phase B definition 
of free-flying OSM. 

SEPS Phase B 
(TBD, MSFC/TBD) 

RFP out — to provide Phase B definition 
of SEP system. 

ry' 
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Table 2 . PEP Supporting RTOP's 


Code 

Title 

Expected products 

906-51 -XX 

PEP system definition 
completion 

PEP fuel cell inter faces /performance 
PEP/RMS/Orblter interfaces 

906-51-11 

PEP solar array 
def inition/design 

Assess maintenance and repair 
approaches for solar array. 

906-51-13 

PEP power conditioning 
evaluation 

Assess fuel cell/voltage regulator 
performance Interactions utilizing 
EPDC at JSC. 

906-51-14 

PEP/RMS dynamic 
analysis 

Assess Orbiter /PEP dynamic bounds. 
Define Orbiter/PEP software 
requirements and constraints. 

906-51-15 

PEP solar cell 
development 

Implement and qualify a wraparound 
solar cell production line for PEP. 

906-51-16 

PEP rotating gimbal 

Define requirements and 
characteristics. Procure 
prototype slip ring assembly 
for PEP. 

906-51-18 

PEP solar array 
systems analysis 
software 

Determine modeling requirements for 
and develop simplified models of 
PEP/Orbiter solar array performance. 

906-51 -XX 

Augmented Orbiter heat 
rejection study 

TBD 

906-51 -XX 

Enhanced Orbiter COg 
removal system 

TBD 

906-51 -XX 

Resource summary 

TBD 
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Section 5 
TECHNICAL SUMMARY 


This section summarizes the technical aspects of the project. Einphasis has 
been placed on the key elements involved in achievement of the project objec- 
tives. The significant areas of emphasis discussed in the following subsec- 
tions are Missions, Systems, Design Development, Facilities, Logistics, and 
Ground and Flight Operations. Included is the rationale vrtiich will be the 
basis for subsequent detail planning. 

5.1 MISSIONS 

The mission of PEP is to augment the power and duration capability of the 
Orbiter for sortie missions. These would be primarily Spacelab module and pal- 
let missions and also include combined missions and extended delivery mis- 
sions. PEP doubles the power offered to payloads (15 kW) and increases the 
duration capability fhcxn a nominal of 6 to a maximiin of days. It can accom- 
modate all Orbiter missions, i.e., 28.5 to lOH-deg inclination and 100 to 
600-nm altitude. This added capability would eliminate the energy shortages 
present on the first scheduled Spacelab missions. The first five are energy- 
short, based on their current payloads, and following missions already require 
additional energy in their planning stages. In addition, PEP would allow 
fuller use of payload equipment and increased data-gathering capability. In 
addition, this added capability will allow the placement of additional payload 
equipment on a given flight and thus, in the long term, decrease the vinber of 
fli;rhts needed. 

5.2 SYSTEMS 

The PEP system constitutes an independent power subsystem which interfaces 
directly with the Orbiter power buses to provide regulated power, (i.e., 32.6 
VDC nominal) to both the Orbiter subsystems and payloads. 

The PEP system elements to be considered in this technical plan include the 
following: 
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5.2.1 PEP Flight Hardware 

A. ADA, which consists of the solar array boxes, blankets and array 
equipment, masts with canisters, two-axis glmbal system, sun sensor, signal 
processor, and the strongback support structure. 

B. PRCA, which contains the voltage regulators, cold-plate Installations, 
power cables, power-distribution box, and shunt regulators. 

C. Interface kit, which Includes bridge fittings, retention latches, 
power cables, and data/command harnesses. 

5.2.2 Orblter and RMS Accommodations 

The PEP power cable Installation on the RMS requires attachment of cable sup- 
port brackets. The RMS accommodation provisions require modification of the 
RMS basic structure so that brackets can be permanently attached. 

Modifications to the Orblter have been defined by Rockwell International and 
defined in their Interface Definition Document, which was prepared jointly by 
RI and MDAC. 

The two major end item assemblies, the ADA and PRCA, are installed in the 
Orblter 3 cargo bay, as shown in Figure 4. During all PEP orbitaJ operations, 
the PRCA reference configuration remains in the position shown. Conversely, 
the ADA Is deployed from the Orblter 's cargo bay by the RMS for PEP opera- 
tions. 

An exploded view of the ADA is shown in Figure 5. It consists of two flexible 
blanket solar cell arrays, two coilable masts for deployment and retraction of 
each array wing, central support structure or strongback for mounting the 
array, auxiliary avionics equipment, and Orblter attachment trunnions. The two 
independently deployed solar arrays are housed in separate box assemblies. For 
array deployment, the canisters are each rotated 90 deg until perpendicular to 
the blanket box assemblies. The ADA is supported in the cargo bay on trunnions 
and is restrained by remotely controlled latches. The ADA incorporates a grap- 
ple fixture which mates with the RMS end effector and a gimbal assembly which 
allows orientation of the array for sun-pointing at all Orbiter attitudes and 
orbital locations. PEP array pointing is controlled by a sun sensor and 
processor. The array power is transferred to the PRCA voltage regulator^ via 
the power cable mounted on the RMS. 
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The PRCA is shown in Figure 6. As noted, this assembly remains in the Orbiter 
bay and provides regulation and distribution of the array's electrical output 
for compatibility with the Orbiter buses. This Is accomplished with six iden- 
tical pulse-width-modulated regulators that are configured for parallel ooera- 
tlon. The regulators reduce the relatively high voltage of the array down to 
32.6 VDC within a 0.2-V band. This voltage range results in the desired load- 
sharing characteristics between solar array and the Orbiter fuel cells. The 
regulated power is transferred from the PRCA power-distribution box to the 
three (Obiter power buses. A cold plate is mounted between each of three sets 
of regulators to provide active cooling with circulating Freon from the 
Orbiter aft cold-plate loop. 

In addition to mounting the PEP in the forward location in the volime between 
the airlock and the Spacelab module (reference Figure 4), the PEP can be used 
with Spacelab pallets, as shown in Figure 7. The PRCA, with the power- 
distribution box and voltage regulators, normally would be mounted in the 
forward location to minimize Orbiter scar weight and standardize the Orbiter 
interface; however, the ADA can be mounted at various fore and aft locations 



% 
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Figure 6. Power Regulation and Control Aiiembly 
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Figure 7. PEP Cargo Bay Irtstallation Envelope 


in the cargo bay. The RMS modifications and selected PEP power cable installa- 
tion are shown in Figure 8. The major modification task is the mounting of the 
power cable support brackets on the RMS primary structure. These are bonded to 
the cylindrical beams and mechanically attached to the elbow's machined alumi- 
num housings. This task must be accomplished at the subassemoly level prior to 
final assembly or following disassembly of a built-up RMS. The power cable is 
removable in the field for non-PEP missions that require the RMS. For non-RMS 
missions, the RMS can be removed from the Orbiter after the PEP power cable 
has been removed. 

5.3 DESIGN AND DEVELOPMENT 

This section outlines the salient points of the approach planned for design 
and development of the PEP Project hardware. Emphasized are the PEP system 
prime contractor/subcontractor( s) technical roles and interfaces, and the 
design and test philosophy for the flight hardware. This information is based 
on Volume 9 (PEP Design, Develoi-T,ent , and Test Plans), vrtiich should be 
referred to for additional information and supporting data. 
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Figure 9 presents the PEP baseline master schedule, which identifies major 
subassemblies, development tasks, period of performance, and major milestones. 
The design and development milestones call for a program requirement review 3 
months after ATP and a preliminary design review 5 months later. The CDR 
occurs in the seventeenth month, with the first delivery of a PEP in the 
twenty-eighth month following ATP. The first flight for PEP, establishing the 
initial operational capability (IOC), occurs 30 months after ATP. 

The prime contractor will do the system design of the ADA, manufacture the 
support structure for it, and integrate the total assembly. The solar array 
subcontractor will do the detail design and manufacturing of the solar array 
and deployment mechanisms, procure the masts, and deliver them to the prime 
contractor for assembly into the ADA and final acceptance testing. 

Only the support structure Interfaces with the Orbiter, l.e., physically in 
the Orbiter bay. PEP interfaces, both physically and functionally (avionics 
and data connectors) , through the grapple fitting with the RHS. The subcon- 
tractor will qualify his deliverable flight hardware and equipment to the 
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highest level that is practical and consistent with a minimun risk, low-cost 
program development. The remaining qualification required of the ADA for first 
flight will be completed by the prime contractor. 

The PRCA is supplied by the prime contractor . It is composed of fabricated 
parts and vendor-supplied components. The PRCA Interfaces physically and 
functionally with Or biter in the bay and functionally with the RMS via elec- 
trical connectors near the RMS shoulder. The functional connection between the 
ADA and PRCA is the power cable installed on the RMS between the shoulder and 
effector . 


The PEP impact on the RMS is minimum, consisting only of the accommodation 
provisions ^ the aforementioned wire harness. The prime contractor will pro- 
vide qualified wire cable to the RMS contractor for the development of the 
harness. The cable-mounted half of the electrical connectors will also be 
supplied by the prime contractor. 

The Orbiter accommodations required by PEP for the design reference mission 
utilizing the Spacelab and tunnel are as follows: '1) none for the ADA, (2) a 
bearing pad on the starboard longeron to react to contact loads by the PRCA 
custom bridge, and (3) two wire harness installations from the PRCA to the 
Orbiter interface connector panels, one on each of the port and starboard 
sides of the Orbiter bay, and (4) a thermal control interface panel with 
inlet/outlet lines and two disconnect valves on each side of the cargo bay. 


The design philosophy established for PEP is directed toward maximum crew/ 
Orbiter safety, reliability, and maintainability consistent with sortie mis- 
sion systems, and meeting the cost goals set for the development of the sys- 
tem. It is essential that the most economic approach, consistent with weight, 
performance, and safety requirements, be taken for all aspects of the project. 
Testing must be minimized but still complete enough to ensure verification 
that PEP meets design and perfo-mance requirements that cannot be verified by 
anal ses or similarity comparison to existing qualified flight hardware. 
Further, test hardware produced solely for test purposes must be minimized. 
This development approach is reasonable because (1) PEP is inherently a safe 
system because it is used only to augment the existing electric power system, 
(2) failure of the PEP system during flight does not totally void an Orbiter 
sortie roissio.i but only reduces its duration, and (3) the PEP is recovered 
after each mission and will undergo maintenance and repair as required. 
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The verification test and evaluation (VT4E) approach being planned for PEP 
will be similar to design evaluation and qualification testing successfully 
accomplished on past NASA programs but taking into account that system 
qualification will be accomplished by the first flight. The design 
qualification approach to testing will qualify a component or item of equip- 
ment during a development test if the test specimen is sufficiently represent- 
ative of the flight article and is subjected to test levels that meet 
qualification test requirements without failure. Design qualification testing, 
together with evaluation and qualification of components and equipment by 
exhaustive analyses, and by similarity comparisons to qualified hardware in 
lieu of testing, provides the opportunity to develop PEP at the least possible 
cost while taking minimum technical risks. 

VT&E will be done on the components and equipme it and to the ADA and PRCA sub- 
system level in the development, qualification, and acceptance test program. 
The first flight of the ADA and PRCA integrated into PEP will complete system 
qualification and establish PEP TOC. Tn the interest of reducing costs, devel- 
opment and qualification testing will be combined on selected tests in accord- 
ance with the design qualification test philosophy. Acceptance tests will be 
those typical of production acceptance testing. However, for PEP acceptance, 
testing on all avionics components and equipment will include vibration and 
high-low thermal tests to ensure integrity of electrical connections. 

During development a verification Integration simulator for power and avionics 
will be used to develop and verify software and verify system operat-ion and 
performance . 
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Figure 10 depicts the design development and test schedule for the PEP system 
through hardware delivery with respect to the design development milestones of 
the project. 

5.4 FACILITIES 

The facilities required for engineering, develooment, qualification, produc- 
tion, and product acceptance of PEP are consistent with normal space hardware 
production. For the subcontract-level solar array development and production, 
existing facilities are in the process of being auge^ented by the prospective 
solar array contractor (s) and will be available for PEP by ATP. Along with the 






23 



1980 1981 

[7[ jIaRoInIdI j]f|m[a]m1 jRaIsIoHd' 


1962 



M 

0 

W 

0 

0 

0 

a 


N D 


1963 


B 

E 

0 

A 

0 

a 

j 

0 


1 2 3 4 5 6 7 8 9 1011121314151617181920212223242526272829303132333435 


MILESTONES 


ATP PRR 


PC^R 


COR 


PEP 1 QUAL PEP 2 

delAAioc Adel 


SYSTEM ENGRG 

INTERFACE 

DEFINITION 

DETAIL DESIGN 


SOLAR ARRAY 
SUBCONTRACTOR 

DEVELOPMENT 

TESTING 

FABRICATION 


COMPONENT 

QUALIFICATION 

FINAL ASSEMBLY. 
ACCEPTANCE TEST 


SPECS 


DRAFT ICD 

""HSZZ 


PDR 


SUSTAINING 


FINAL 




SUSTAINING 


CDR 


FAB, TEST. SUSTAINING 


SA MASTER 
INTERFACE 
TOOL 

QUAL 


PEP 1 


TOOLING gSE 




SHIP 
UNIT 1 

PEP 2 


GSE 2 


SHIP 
UNIT 2 


TEST 


TEST 


ASSY 


SHIP SHIP 

PEP 1 PEP 2 


Figure 10. PEP Design, Develooment and Test Schedule 

solar array facility preparation, the prospective solar cell suppliers are 
assessing production capacity requirements to assure that adequate production 
rates can be met for PEP. 

Existing NASA facilities, including training and simulation testing, are ade- 
quate for NASA in-house activities. During the launch and flight operations 
phase, existing STS facilities will be used with essentially no modifications. 
For launch site processing, the plan will avoid full deployment of the solar 
arrays at the launch site which otherwise could require facility construction 
or modification. This facility capability will exist at the solar array sub- 
contractor's location where such maintenance would be done. Flight and orbital 
activities in support of PEP come under the already-planned capabilities for 
the STS Program. 

In summary, it is not anticipated that new facilities or facility modifica- 
tions will be required for the PEP Project if existing facilities will be 
available as planned, 

5.5 PEP LOGISTICS 

PEP logistics planning and implementation will be developed to be compatible 
with the basic STS logistics system. All logistics activities will use 

existing facilities, resources, and manpower wherever possible. 

24 

oouoi.>t9 









PEP will use standard integrated logistics support approaches, following the 
guidelines of JSC 07700 Vol. XII; they are shown in Figure 11. 

The PEP Operations and Logistics Plan will be developed to o escribe the 
approach and implementation )f the PEP logistics effort. The logistics program 
will be Initiated with support requirement analysis, optimum repair level 
analysis, and maintainability analyses of the PEP design. Then a maintenance 
concept will be defined from which repair policies and a maintenance plan are 
derived. Subsequently, spares provisioning and consumable forecast data are 
generated . 

Additional effort in developing operation and maintenance docunentation; a 
packaging, handling, storage, and transportation program; and a training pro- 
gram will complete the logistics effort for the analysis and planning phase of 
PEP. 

In the implementation phase, the contractor will produce the operation and 
maintenance docunentation and activate logistics plan activities at KSC. Sup- 
ply support, intermediate maintenance support, and training support will be 
done with KSC direction. 
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5.6 PEP MISSION GROUND AND FLIGHT OPERA’i ^ONS 

Figure 12 is a picuorial flow of the PEP processing activities required at the 
KSC launch site facility and on-orbit activities* The dark arrows depict the 
activities flow for turnaround on subsequent flights. Horizontal processing 
and integration were baselined for the PEP with integration in the Orbiter 
occurring In the Orbiter processing facility (OPF) . 

During its orbital stay* the PEP will be deployed with the RMS arm to provide 
the power level and duration needed by the payload. The PEP will be stowed 
during orbital changes that require firing of the Orbital MAneuvering System 
(0M5^) or when the RMS is needed for other payload activities. During return 
from orbit, the PEP will again be quiescent. 

5.6.1 Launch Site Operations 

Upon arrival at KSC, the PEP total system will be checked to verify successful 
Orbiter integration and subsystem compatibility. Depth of testing will be 
based on a modified ship-and-shoot philosophy for minimum KSC checkout effort. 
Cargo integration and test equipment (CITE) will be tested with other cargo 
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elements and an Orbiter simulator before the first flight. CITE activities for 
subsequent PEP flights will be on an ’’as-needed" basis determined by other 
payload needs. 

The critical launch processing activities are PEP installation and removal 
from the Orbiter in the OPF. For Spacelab module flights, the PEP will have to 
be installed after and removed before the tunnel since the PEP will be located 
directly over it. The GSE strongback will be used for simultaneous horizontal 
installation of the PEP hardware assemblies (i.e., ADA and PRCA) into the 
Orbiter payload bay. Installation and verifications will be performed without 
any serial schedule impact to the Orbiter. PEP power will be off until the PEP 
is deployed on orbit. Removal of the PEP in the OPF after the Orbiter lands 
will require only 13 hours. PEP can be removed from the Orbiter cargo bay at 
the launch (i.e., vertical) during contingency operations. 


In the normal operational turnaround, after the PEP is removed from the 
Orbiter in its container, it will be transported on a flat-bed trailer to Han- 
gar S and installed in the PEP test fixture. Its subsystems will be checked 

i out, followed by an integrated systems and mission simulation test in which 

I 

■ the solar arrays are not deployed. 

i Extended turnarounds will be required until the PEP becomes operational, and 

for solar panel maintenance (about every 2,000 hours of exposure). The 
extended turnarounds are the same except, that the solar arrays will be removed 
from the PEP, returned to the factory for maintenance and checkout, and then 

, returned to the launch site. Simultaneously with those activities, the 

remaining PEP subsystems will be checked out. After the solar arrays are rein- 
tegrated with the PEP, interfaces will be verified and an integrated systems 

I 

1 test will be performed. 



5*6.2 Flight-On-Orbit Operations 

PEP consists primarily of an electrical power subsystem comprising a 
deployable solar array and PRCA equipment. It will be Installed in the cargo 
bay of the Orbiter as additional power demands dictate. The .^EP system is 
transported to orbit while stowed in the Orbiter bay (it usually is mounted 
over the short tunnel on a Spacelab mission). However, it may be located any- 
where along the length of the Orbiter bay within the RMS reach limits to 
accommodate specific mission requirements. On orbit, the solar array portion 
is attached to the Orbiter RMS and deployed. 
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Deployment is accomplished by the I91S operator fVoffl the aft flight deck idiile 
viewing from Orbiter windows and closed-circuit TV. During this placement, the 
PEP array is manually oriented toward the sun. At the operational position, 
the RMS is locked in place, the solar array is extended, and the PEP array 
provides power to the Orbiter. PEP is then in a functional mode. 

During the mission, the array is oriented toward the sun using PEP gimbals 
controlled by a sun sensor. The RMS remains fixed with respect to the Orbiter. 
Power from the array is controlled through the PEP regulator **iile in the sun 
and the Orbiter fuel cells provide Orbiter/payload power during the dark 
portion of the orbit. 

To stow the PEP, the solar array is retracted and the RMS activated. The oper- 
ator guides the PEP until the PEP can be latched into its stowage position in 
the Orbite«' bay. 

Flight data will be acquired and formatted in the GPC. The data is transferred 
to the PCM system and transmitted to the ground via the tracking and data 
relay satellite system. The data is then transferred to mission control at JSC 
by the ground line or domestic satellite. Mission critical data will be 
decommutated and processed on standard Orbiter data processing equipment. 
Additional PEP flight data may be recorded during flight and processed on the 
ground during postflight analysis. 



28 



Section 6 
MANAGEMENT 

TBD by JSC 






29 



Section 7 

PROCUREMENT APPROACH 
TBD by JSC 


PAGE BI4ANK NOT FILMED: 


lUCOOMMKLV 



31 



Section 8 

PROJECT DEFINTTIOM ITEMS AMD SCHEDULE 
(WBS, GFE LIST, MAJOR MILESTONES AND MASTER SCHEDULE. 

DELIVERABLE HARDWARE LIST, AND PLANS AMD SPECIFICATIONS) 

This section provides summaries of the basic project definition items which 
have been developed from prograiranatic analyses during this study phase and 
represent the framework for implementing the PEP hardware development and ini- 
tial operations phases of the PEP Project. Tbe WBS structure and level of ele- 
ments and the master schedule and major milestones are provided from which the 
Phase C/D detail planning can be derived and controlled. Also included are the 
GFE and deliverable hardware lists. The GFE list represents the exl-.ting NASA 
equipment, which is assumed to be available to the PEP Project for future use. 
This equipment represents a previous NASA investment designated for reuse, 
which avoids what otherwise would be new costs chargeable to the PEP Project. 
The deliverable hardware list includes items to be delivered by the PEP system 
contractor as well as the Orbiter and RMS accommodations peculiar to PEP. This 
section also includes a summary of the plans and specifications which will be 
implemented as part of Phase C/D. 

8. 1 WORK BREAKDOWN STRUCTURE 

This section provides the WBS for the PEP project. It shows the relationship 
of the PEP project to the STS program along with providing detail through 
Level 6 elements. 

Figure 13 depicts the program WBS by the major elements. As indicated, the PEP 
Project is shown as a Level 3 project of the overall STS program. Level 3 PEP 
Project implementation would be through the designated Project Office. The 
project WBS Level 4 elements are organized similar to other STS program- 
related projects and represent the major elements of this project, including 
prime, associate, and NASA civil service and support contractor elements. 

WB'’ ..lament 01, Orbiter Accommodations, provides for Orbiter integration sup- 
port and Orbiter accommodations assumed to be done by the Orbiter contractor. 
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Figure 13. PEP Project Elements — Summery Work Breakdown Structure 


WBS Element 02, RMS Accommodations, provides for the modifications to be made 
to the basic RMS, consisting of the attach provisions necessary for installa- 
tion Of the PEP RMS cable assembly. 

WBS Element 03, PEP System, provides for the DDT&E, production, and initial 
operations support through first flight of the PEP- hardware, including the 
solar array. This element represents the PEP prime contractor and solar array 
subconcractor scope of work and represents the new hardware being developed . 

WBS Element 04, Integration Testing, and 05, Mission Planning and Operations, 
provide for the PEP-peculiar NASA civil service and support contractor activi- 
ties of integration testing and mission planning and operations at JSC and 
KSC. These elements will be expanded by JSC. 

WBS Element 06. Facilities, jx'ovides for the facilities required for PEP other 
than contractor facilities. It is assumed that existing Government facilities 
at JSC and KSC will be made available and are believed to be essentially ade- 
quate. Any minor modifications, if required and identified as PEP-peculiar, 
would be included herein. 
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Figure 1*1 depicts Levels 5 and 6 for WBS Element 03, PEP System. Level 5 rep- 
resents the system-level elements. Level 5, Flight Hardware element, is 
further oroken down into Level 6 end-item elements. Lower-level WBS elements 
will be defined by the contractor as part of the Phase C/D proposal and 
approved by JSC during the initial project implementation period. 
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8.2 GFE LIST 


The following GFE items have been iijentified and are planned to be available 
to the PEP Project for phase C/D implementation and operations. 
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8.3 MAJOR MILESTONES AMD MASTER SCHEDULE 

This section contains a description and summary analysis of the PEP hardware 
development schedule. It is designed to provide a general understanding of the 
schedule logic, identify principal critical paths and discuss the relationship 
of the development plan to the PEP major milestones. 

The PEP Project master schedule, Figure 15, has be'&n structured in concert 
with the segregation of work displayed on the VfBS, Figures 13 and Ik. This 
correlation with the W3S provides a direct relationship between cost and 
schedule . 

As shown on the schedule, a 30-month period is planned from project ATP to 
IOC. This time period is considered the shortest practical period in which to 
accomplish project objectives. The schedule is keyed to having PEP available 
for launch by the end of March 1983. To meet this schedule objective, 16 
months has been allotted for accomplishing activities associated with Prelimi- 
nary Requirements Review (PRR), Preliminary Design Review (PDR), and Critical 
Design Review (CDR). Accomplishment of these events within this time period 
will require timely and clear agreement on the design concept that is adopted. 

Engineering development, analysis, and evaluation must be completed early in 
the project related to the long-lead items. Solar array design and procurement 
activity is planned to be initiated concurrently with the PEP contractor sys- 
tem design. The PRR results must be mutually definitive and acceptable and 
allow for early and parallel commitments for long-lead procurement of items 
such as solar cells by the solar array contractor and voltage regulators, 
electrical components, and gimbal components by the PEP contractor. It is 
assumed that planned pre-ATP activities will provide the necessary system 
definition to facilitate placement of purchase orders on these long-lead items 
in parallel with PRR. 

Design reviews at the component level, as appropriate, will allow the release 
of engineering drawings required to design and fabricate tooling and begin the 
fabrication of detail parts iii parallel with preparation for system-level 
design reviews, e.g., CDR. This approach will also allow early manufacture of 
parts for prototype hardware buildup and test to verify flight hardware 
design. Breadboard/brassboard development will begin at ATP, which will permit 
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an early start of integration/verification simulator operations for electrical 
development of the PEP system 6 months after ATP. 


1 
I 

I 

Qualification and flight hardware assembly will in most instances commence 
immediately following CDR. Thorough qualification testing and subsequent use ; 

of flight configuration components and GSE in the integration/ verification 
simulator will reduce or eliminate any incompatibilities during Orbiter 
interface testa at KSC. Also, Orbiter/crew safety during launch and landing 
and during in-flight deployment of the PEP system would be enhanced. The PEP/ 
solar array, PEP/RMS and PEP/Orbiter interfaces will be verified prior to 
hardware delivery to KcjC. This testing will begin 2-1/2 months prior to deliv- 
ery of the PEP system to the launch facility. 

Final delivery of the PEP system will consist of two major end items plus the 
interface kit and GSE. The ADA, which includes the solar array, and the PRCA 
are the two end items. The RMS and Orbiter accommodations will be completed 
and available for delivery of the launch facility in parallel with the arrival 
of the PEP system. 

KCC ground operations for preparing PEP for its first flight are scheduled for 
6 weeks, including receiving, integration, checkout, Orbiter installation, and 
launch preparations. 

8.« CRITICAL PATH ASSESSMENT 

Three critical path items are identified on the schedule, consisting of the 
solar cell assembly, the voltage regulator, anJ the gimbal assembly compo- 
nents. In each instance, the principal critical issue relates to procurement 
leadtimes. The procurement of long-lead items, the manufacture and assembly of 
selected components for qualification to ensure qualified flight hardware and 
the subsequent integration, and final assembly and checkout of the PEP system 
are the critical paths that will bear constant and effective management if the 
project objectives are to be attained. 

Project elements will be further analyzed and definitized during the Phase C/D 
proposal activity. Schedule logic and hardware leadtimes will be validated and 
revised, as appropriate, consistent with expanded definition. Schedules will 


be developed at lower levels during the C/D phase in keeping with expansion of 
the WBS to Implement and validate the master schedule. 




DELTVFRARLF. HARnWARF. LIST 

Thp following deliverable hardware items will be provided as the output of the 
design development and production phases of the PEP Project; 

I. PEP System Hardware 

Item 

ADA 
PRCA 

Interface kit 
GSE 

Initial spares 
IT. Orbiter Accommodations 
Item 

Structural ''mechanical I/F provisions 
Electrical T/F provisions 
Thermal T/F provisions 

ITT. RMS Accommodations 

Item 

•RMS with accommodation 
Provisions 

•Pa.sic RMS provided as GFE 

R.6 PLANS AND SPECTFTCATTONS 
This section summarizes the Phase C/D plans and specifications for imple- 
menting the PEP Project. The plan tree and the design documentation structure 
for the documents are included, with a brief description of each and DRD num- 
bers as applicable. Additional Information on the requirements of each docu- 
ment ..s in Volume ir, PEP Data Item Descriptions. 

8.6.1 Pro^iect plan s 

Appropriate mari.,gement , engineering, and operations planning and implvmenta- 
*-ion are necessary to assure an integrated and controlled PEP Project. The 
plan structure for PEP Is given In Figure 16. At the top level Is the PEP Pro- 
ject Plan, supplied by NASA, which forms the basis for all other plans. The 



Quanti ty 

2 

2 

2 

2 sets 

1 set 

Quantity 

2 sets 
2 sets 
2 sets 

Quantity 
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Figure 16 . PEP Plan Tree 


figure provides the following information: 

• Identity of all plans to be prepared and/or updated by the contractor 
Q. 'Ing Phase C/D. 

• Relationship of each plan to the data requirement description line item 
number in Volume 12 of the extension phase of the Orbital Service Module Sys- 
tems Analysis Study (OSMSAS). 

• Relationship of each plan to the appropriate OSMSAS volume where a 
plan, or detailed requirements for a plan, was prepared during the Phase B 
effort . 


Table 3 provides a summary of the purpose and scope for each plan listed in 
Figure 16. 

8.6.2 Specifications and Related Documents 

The PEP design document structure is given in Figure 17. The Phase B study 
product (system specification, environmental specification, and interface 
definition document) represents the technical starting position for Phase C/D. 
As the design effort progresses during Phase C/D, these documents are refined 
by the PEP system contractor to contain the systems-level design and interface 
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Table 3. r’KT Project Plans (Page 1 of 7) 


I . NASA level 

Purpose 

Scope 

PEP Project Plan 

Provides the overall plan 
for developing and plac- 
ing into operation the 
PEP as an element of the 
Space Transportation 
System program 

Contains summary of: 

Schedule and cost 

Project and mission 
objectives 

Related studies and 
technology support 
activities 

Management approach 

Procurement approach 

Project definition items 
and schedule (WBS, GFE 
list, deliverable hardware 
list ) 

Resources 

Product assurance 

II. Contractor level 

Purpose 

Scope 

Project Management 

To provide a description 

The plan contains an index 

Flan 

of the Contractor's 
methods for accomplishing 
the project requirements 

of Contractor’s internal 
operation plan, directives 
and procedures (with brief 


discussion) covering; 

Project management 

Engineering management 

Manufacturing management 

Performance management 

Information management 

GFP management 

Procurement management 

Quality assurance manage- 
ment 

Configuration management 
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Table 3. PEP Project Plans (Page 2 of 7) 


II. Contractor level Purpose 


Scope 


New Technology Plan 


To provide a plan for the 
evaluation of technical 
work to Identify presence 
of inventions and new 
innovations for patent 
piirposes 


The plan contains the 
Contractor's approach to: 

Management concept to 
report new technology 

Early identification of 
new technology 

Exercising control over 
subcontractor compliance 


Government Furnished 
Property Maintenance 
Plsui 


To describe the method 
for controlling and main- 
taining Government 
furnished equipment 


The plan satisfies the 
requirements of NASA pro- 
curement regulation 
Appendix B and consists of 
those procedures which 
constitute the Contractor's 
property management manual 


Configuration 
Management Plan 


To describe the Con- 
tractor's organization 
as it relates to con- 
figuration management, 
the procedures for 
identifying auid docu- 
menting the configuration 
items, and the method 
of controlling changes 


The plaui contains: 

Organization description 

Method for identifying 
baseline 

Control methods, proce- 
dures, and policies 

Accounting system 
description 

Verification system 
description 

Method for subcontractor/ 
vendor configuration 
management control 

Plan for conducting/ 
supporting project reviews 
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Table 3. PEP Project Plans (Page 3 of T) 
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II. Contractor level Purpose 


Scope 


Design, Development, Provides the plan to 
and Test Plan design, develop, quedify 

and produce the PEP and 
support equipment for 
testing and launch 
operations 


Electromagnetic To define the program 

Interference Control for EMI control 

Plan 


Discusses : 

System definition and 
requirements 

Produce assurance 

Manufacturing plan 

Verification test and 
evaluation plan 

Integration and checkout 
plcui 

Facilities and support 
equipment 

The plan contains descrip- 
tion of: 

Management controls 

EMI organization size, 
authority, organizational 
location, and responsi- 
bilities 

Prediction studies 

Breadboard tests 

Design reviews 

Circuit parameters for 
EMI computer program 

Electrical bonding 

Lightning studies 

Wiring controls 

Circuit return isolation 


Manufacturing Plan To define manufacturing The plan contains descrip- 

methods and requirements tion of manufacturing: 

Pleuining and control 

Processes and techniques 

Assembly sequence £uid 
techniques 

Operations safety 

Tooling approach 

Parts and materials 
management and handling 
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Table 3. PEP Project Plans (Page of 7 ) 


II. Contractor level Purpose 


Scope 


Facilities requirements 
Euid utilization 

Facility and tool 
activation planning and 
control 

Handling and control of 
end items 

Test and post manufac- 
turing checkout 

Activation schedule 


Contamination Control 
Plan 


To describe the system 
for contamination control 


This plan contains: 

Procedure for controll- 
ing manufacturing/ 
assembly residues 

Description of con- 
trolled environments to 
be used during manufac- 
ture 


Procedures for cleaning 
and cleanliness verifica- 
tion 


Description of cleanli- 
ness verificatirr 
techniques 


Product Assurance 
Plan 


Describes the Safety Plan In accordance with 
for: NHB 53C0.1+ (iD-l), 

Establishing PEP safety Chapter 2 
criteria/ requirements 

Integrating these 
criteria/requirements 
into the PEP and Orbiter 
programs 


Describes the Reliability 
Plan for: 

Establishing PEP 
reliability criteria/ 
requirements 

Integrating these 
criteria/requirements 
into the PEP and Orbiter 
programs 


In accordance with 
NHB 5300.lt (ID-1), 
Chapter 3 
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Table 3. PEP Project Plans (Page 5 of 7) 


Contractor level 


Logistics Plan 


Maintainability 
Assurance Plan 


Purpose 

Describes the Quality 
Assurance Plan for 
verifying that the PEP 
and GSE satisfies 
Section 3, "Requirements” 
or their respective 
specifications 

To provide an Implementa- 
tion Plan covering all 
logistics functions 
necessary to support PEP 
integration • prelaunch , 
launch, flight, and 
postlenaing operations 


To define the Contrac- 
tor’s approach for 
maintainability of the 
PEP f?.ight hardware end 
deliverable GSE 


Scope 

In accordance with 
NHB 5300. i* (ID-1), 
Chapter 5 


The plan identifies the 
Contractor's planning for 
products and services 
required to implement: 

Support requirements 
emalyses 

Optimum repair level 
analyses 

Maintainability 

Maintenance 

Spares provisioning 

Fuels, pressurants, and 
fluids 

Ope>rations and mainte- 
neuice documentation 

Pressurization, packag- 
ing, and packing 

Transportation 

Storage criteria 

Logistics management 

Training 

Logistics facilities 

The plan defines the 
method of accomplishing 
maintainability require- 
ments and describes how 
the requirements will be 
implemented. It describes 
the procedures, policies, 
and reporting system that 
will be used 
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Table 3. PEP Project Plans (Page 6 of 7 ) 


II. Contractor level Purpose 


Scope 


Transportation Pleua To aid in the identifi- 
cation of packaging, 
materials hemdling, and 
transportation require- 
ments 


The plan contains: 

Packaging requirements 

Requirements to handle 
pressure and to pack and 
ship PEP flight hardware, 
associated support equip- 
ment, and spares 

Management organization 

Milestone chart 

Discussion of trans- 
portability problem areas 

Description of cargo 
requiring tremsportation 

Trsinsportation restric- 
tions 

Identification of regu- 
latory agency approvals 

Description of special 
purpose carrier equipment 
and services 


Training Plan 


To provide methods and 
procedures to be used to 
train personnel 


Each Training Plan con- 
tains identification of: 

Activities requiring 
training 

Training objectives and 
milestones 

Curriculum requirements 

Student population 

Methods of instruction 

Certification methods 
and requirements 

Training program 
evaluation 

Readiness measurement 

Training equipment 

Fac ilities 
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Table 3. PEP Project Plans (Page 7 of 7) 


II. Contractor level Purpose 


Scope 


Ground Operations Plan Describes the plan for the 

PEP ground processing 
operations at the ELS. 

The plan identifies 
groundrules philosophy 
and required laimch 
site resources asso- 
ciated with PEP opera- 
tions 


Establishes the concepts 
and methods by which the 
PEP ground operations will 
be conducted at the ELS. 
Areas covered Include: 

Pep requirements and 
timelines 

Prelaunch operations, 
both off-line and on-l'^ne 


Postlanding operations 
including turnarovind for 
next flight 


Flight Operations 
Plan 


Describes the plan to 
assure that PEP is opera- 
tional on orbit and that 
these operations: 

are compatible with 
those of Orbiter 

are integrated with 
those of Orbiter 


Discusses: 

Operations timelines 

Flight operations dis- 
plays and controls 

Contingency operations 

Simulations 

Requirements for flight 
operations plan 

Qualification flij^ht 
plan 

Crew training 

Launch operations 

Orbital operations 

Instrumentation/ 

monitoring 

Extravehicular 

activity 

Contingency operations 
Poptflight analysis 
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Fi 9 ura 17. Top-L«vel PEP Dtsian Docum«nt Struetura 


requirements. T7ie PEP contractor is responsible for the updates and 
refinements to the PEP-*" biter sj’stera specif icatior and the related environ- 
mental specification. The Orbit... .i]P interface control document is under the 
custodianship of the Orbiter contractor. This document wi^l be developed 
jointly by Orbiter and PEP contractors. 


As shown, the next level of documentation is composed of: 
e Major assembly drawings, 
e Procurement specifications, 

• GSE specification 

a Requirements document for Orbiter software and hardware. 

The Orbiter softw&"i and hardware requirements document is prepared by the PEP 
contractor. It is intended that this document be approved by NASA and imple- 
mented with thi Orbiter contractor. This document serves the same purpose as 
the system specification with the PEP contractor. 


Table 4 lists all the Phase C/D documents identified and summarizes their pur- 
pose, preparation Instructions, and applicable data item description line item 
number from Volume 12. 
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Table PEP Design Document Structure (Page 1 of 2) 



Data reqmt. 
description 
line item no. 

Document Purpose (see Volume 12) 

System Specification, To define the functional, per- CM-10 

PEP-Orbiter formance, design, and test 

requirements for the PEP 
System and its associated 
ground support equipment 

PEP Environmental To establish the natural and CM-12 

Specification induced environments to which 

the PEP and its GSE may be 
exposed during ground opera- 
tions and speure operations vith 
the Shuttle system 

Orbiter/PEP Interface To depict physical a-,cJ func- 

Control Document tional interface engineering 

requirements of an item that 
affects the design or opera- 
tion of cofunctioning items; 
i.e., Orbiter and PEP. The 
document : 


Orbiter contractor 
custodial respon- 
sibility. PEP 
contractor to 
participate 



Establishes and maintains 
compatibility between Orbiter 
and PEP 

Controls interface designs 




Assembly drawings 
ADA 
PRCA 

Interface kits 



Commiinlcates design deci- 
sions and changes 

Establishes envelope and 
access compatibility 

To depict the assembled SE-01 

relationship of each of the 
three assemblies listed. 

It contairs sufficient views 
to show the relationship 
between each subordix'ate 
assembly and part ;ompri®ing 
the part depletes 
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Table PEP Design Dociunert Structure (Page 2 

of 2) 

Document 

Purpose 

Data reqmt. 
description 
l.lne item no. 
(see Volxime 12) 

Procurement specifications 

These will be of two types: 
development specifications 
and/or product specifications, 
depending upon whether develop- 
ment effort is required 

Not applicable 


Development specification: to 

define the functional require- 
ments for each configuration 
item 



Product specification: to 

provide a document adequate 
for the procurement, production 
test, eveduation, ai*d accep- 
tance of an item without 
requiring further development 
work 

% 

Spec i f i cat iot.-ground 
support equipment 

To estr>blish in one document 
the pe>'formance, design, 
development, and test 
requirements for all ground 
support equipment 

CM-12 

Requirements documents- 
Orbiter software and 
hardware 

To define the hardware and 
software performance and 
design requirements that 
should be imposed on the 
Oribter system for accomo- 
dation and utilization of 
the PEP system 

SE-.U 


:1 
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Section 9 
RESOURCES 

This se.tion provides the totsl project cost end manpower estimates by year 
and total for all project elements, covering design development, production, 
operations, and support. NASA in-house civil service and support contractor 
estimates are yet to be determined and will be generated by JSC. Also included 
is a discussion of the facility aspects which indicate that PEP needs can be 
met with existing contractor and Government facilities, and with facilities 
being prepared by the prospective solar array contractor (s) which will be 
available by ATP. 

The basis of the cost and manpower estimates is summarized in Voline 11, PEP 
Cost, Schedules, and WBS Dictionary. 

9.1 PROJECT ESTIMATED COST 

The cost estimates for the PEP project are summarized in Table 5. Each line 
item is listed separately, including WBS element name, WBS number (s), and 
annual and total runout funding in real-year dollars. The upper portion of the 
table shows the funding required for the prime, associate, and subcontractors, 
which represents the basic costs of providing hardware. The lower portion of 
the table, which is TBD, introduces the civil service and support contractor 
elements which represent the total estimated cost of the PEP project. 

The following groundrules reflect the major aspects from Which the costs were 
derived: 

A. Costs were estimated in 1978 dollars and escalated to real-year dol- 
lars using a 7( escalation rate provided by JSC. '' 

B. Costs exclude prime and solar array subcontractor fees. 

C. Costs include two sets of PEP hardware and modification of two 
Orbiters and two RMS's. 

D. Costs include operations support through IOC. 

E. Orbiter accommodation costs were provided by JSC. 
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The costing methodology for the PEP system included parametric estimating, 
direct estimating, and vendor quotes. The Orbiter accommodations costs were 
analyzed and provided by JSC. RMS accommodations costs were estimated and pro- 
vided by the RMS contractor. 

As can be seen in Table 5, the funding requirement for the PEP system is 
$81. 7M, including $38. 8M for the solar array. The Orbiter accommodation 
funding is $6.0M and the RMS accommodations (scars to attach the cable assem- 
bly) funding is $.9M. The total hardware contractor’s funding is $88. 6M to 
deliver the hardware and provide support through IOC. Support contractor 
funding is shown as TBD and will be determined by JSC. 

This funding plan reflects a relatively modest FY 81 funding of $12M with sub- 
stantial funding not required until FY 82 and 83, consistent with the 
offloading of funding from the basic Shuttle development program. 

9.2 PROJECT MANPOWER RECHJIREMENTS 

The manpower estimates for the PEP Project are summarized in Table 6. The 
estimates are consistent with the cost estimates reflected in Table 5 and 
shown in the same format. As was stated in Section 9.1, the in-house civil 
service and support contractor Manpower estimates are D and will be developed 
by JSC. 

As stated in Section 9.1, the basic estimating during this study employed par- 
a>r. 4 tric and direct estimating techniques and vendor quotes. The manpower esti- 
mates were then derived from direct estlmrtes and by splitting the parametric 
dollar estimates into labor and non-labor, based on historical data for the 
type of WBS element Involved, and then calculating the number of direct labor 
mai.-years which correspond to the labor dollar estimates. These man-years were 
then summarized and evaluated for balance, and are shown in Table 6. During 
the proposal phase more detailed direct manpower estimates will be introduced 
and the results incorporated as an update of this plan. It is felt that the 
current manpower estimates are representative and appropriate for Phase C/D 
planning. 
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Table 6. PEP Project Manpower 














9.3 FACILITY RESOURCES 

ks is discussed in Section 5.4, prime contractor and NASA facilities are ade- 
quate and will be made available as planned. Also, as noted previously, 
existing facilities of prospective solar array subcontractors are in the proc- 
ess of being augmented and will be available for PEP by ATP. Therefore, it is 
not anticipated that expenses for new facilities or facility modifications 
will be required for PEP. 




Section 10 
MANAGEMENT REVIEW 


Project management will revie ' the project with agency management during pro- 
ject implementation. The reviews will normally be scheduled to be held upon 
completion of significant project events. They will take place after the cor- 
responding event has been completed between the NASA project management and 
the contractors. Six reviews have been identified and scheduled: 

• Project Requirements Review (PRR) 
e Preliminary Design Review (PDR) 
e Critical Design Review (CDR) 
a Pre-Ship Review (PSR) 
a First Flight Readiness Review (FRR) 
a Initial Operational Capability (IOC) 

Project-level revieta between NASA project manag«Dent and the contractors will 
be held in accordance with the events indicated above. In addition, monthly 
and quarterly progress meetings will be held throughout the development phase 
except for the months in which the above major events are scheduled. As part 
of these reviews, the first definitive total cost estimate at completion (EAC) 
for project development will be established upon completion of the PDR. By 
then, the project requirements will have been translated into a preliminary 
design which satisfies those requirements with NASA project office concur- 
rence. The EAC will then be updated periodically as detail design and 
manufacturing proceed through hardware delivery. These EAC's will be the basis 
for annual budget planning inputs to agency management. 
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Section 11 
CONTROLLED ITEMS 


The specified controlled items require approval at NASA senior management lev- 
els before they can be changed. Some items will be controlled by the adminis- 
trator or his designee in the project approval document, some by the Program 
Associate Administrator, and some by the Program Director, as determined by 
NASA. A candidate list of controlled items follows for NASA consideration: 
e PEP mission objectives and requirements, 
e Mission flight assignments, 
e Total es' ’mated project cost at completion, 
e PRR, PDR, and CDR review dates, 
e Hardware delivery dates, 
e First flight and IOC date(s). 
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Section 12 

sAPrry. RELiAeaiTY, and quality assurance 

Safety, Reliability, and Quality Assurance planning will be acconplished early 
in the PEP development process, consistent with NASA program requirements , to 
assure the developraent, manufacture, and delivery of a safe, reliable product 
of high quality. Planned activities will span the establishment of require- 
ments and their implementation and verification through PEP development, 
manufacture, test, and ope.'jtlons. 

12.1 SAFETY 

PEP safety requirements will be made compatible with STS requirements through 
establishec formal contractor procedures that meet NASA requisites. STS and 
PEP personnel and equipment safety will be assured by design and procedural 
provisions and will be verified through analyses and inspection. 

Safety program planning and requirements will include safety analysis activi- 
ties for the design development, and facility safety provisions to assure per- 
sonnel and equipment fabrication and operational safety. Planned activities 
will include the following: 

e Establishment and implementation of safety criteria in design provi- 
sions and procedures development. 

e Performance of hazard analyses and the provision of controls for those 
hazards t^ich cannot be eliminated. 

a Establishment of requirements and provisions for handling, storage, 
servicing, and transportation safety. 

e Establishment of requirerents and provisions for facilities and support 
safety. 

e Establishment of an industrial safety program. 

In addition to the above contractor safety features and activities, the launch 
site operations and flight operations will be analyzed, approved, and moni- 
tored by NASA safety personnel to assure the safety of ground and flight per- 
sonnel and hardware. 

12.2 RELIABILITY 

PEP system reliability requirements will be developed through design cost 
optimization trade studies and will be established through formal contractor 
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procedures which satisfy NASA requirements . PEP reliaoility will be developed 
in consonance with the STS program requirements for payload and supporting 
systems. 

PEP system reliability requirements will be applied to the subsystems and com- 
ponents in a logical manner consistent with the design process and within the 
state of the art. Design criteria will be established and implemented to 
assure the attainment of the reliability cVsign requirements. Primary criteria 
will Include design margins, derating factors, redundancy tackup, and otner 
failure correction and safing tet^tniquec . Numerical reliability goals and 
apportionments will not be used. 

Assurance that the reliability requirements are achieved will b? provided 
through design reviews and reliability assessment activities. Specific analy- 
ses that will be performed include: 

e Fai?ure modes acd effects analysis, 
e Derating and part stress analysis, 
e Mechanical stress analysis. 

Results of the analyses will be presented at the formal NASA and contractor 
design reviews. 

12.3 QUALITY ASSURANCE 

Quality assurance will be performed by contractor personnel in acco'*dan>e with 
established Company procedures that comply with NASA quality requirements. 
Where appropriate. Government or Company source insoeetioj will be employed. 

PEP quality assurance planning will address the following features: 

• Identification of the resources required. 

e Inspections of fabrication, assembly, and test operutions. 
e Controls implemented for precision measuring devices. 

• Controls for the identification, reporting, and analysis of non- 
conforming articles and implementation of corrective actions. 

e Controls imposed for handling, storage, snd preservation of hardware 
and e.'Jipment. 

e Validation of software quality. 
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